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PLASMA DISPLAY PANEL DRIVING 
METHOD 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to flat panel display devices 
and, more particularly, to a method of driving a plasma 
display panel (PDP) among the flat panel display devices. 

2. Discussion of Related Art 

Generally, cells forming a pixel of PDP are discharging 
regions insulated by a spacer between upper layer and lower 
layer. These cells perform discharging by controlling volt- 
ages applied to horizontal and vertical electrodes formed on 
each of the upper and lower layers. An amount of discharged 
light is controlled according to the variation of the discharg- 
ing lime in the cell. The cells are arranged horizontally and 
vertically according to a specific size, forming the total field 
of PDP. The PDP displays digital video signals to a specific 
video field with a scanning driver and an addressing driver. 
That is, the addressing driver is connected to the vertical 
electrode, and the scanning driver is connected to the 
horizontal electrode. The former applies a write pulse for 
inputting the digital video signal and an erase pulse for 
stopping the cell discharged by the video signal. The latter 
realizes a matrix type field by applying the scan pulse for 
causing discharge according to the video signal and the 
sustain pulse for sustaining the discharge caused the scan 
pulse for a predetermined time to the cell on the correspond- 
ing horizontal line. To make a continuous image, the fol- 
lowing operations are repeated: the scan and write pulses are 
applied to PDP at the same time in order to discharge; the 
field is sustained at the discharged state for a predetermined 
time by the sustain pulse; the field is erased by the erase 
pulse to display the next field. That is, the preceding 
discharging, sustaining and erasing operations are repeated 
to display the next field. 

As described above, eight sub-fields are overlapped and 
sequentially displayed as one field by controlling the scan- 
ning and addressing drivers. The method is called sub-field 
driving method. 

In this sub-field driving method, eight sub-fields should 
be sequentially concentrated to make one image. An one-bit 
digital image signal corresponds to each of the cells and is 
applied to each of the 960 lines, thereby forming one PDP 
sub-field having equal brightness. Therefore, when the eight 
sub-fields each having different brightness are collected by 
the digital video signals of eight bits, they make one image. 
Theses images continuously arranged form the moving 
picture. That is, the eight sub-fields are classified into 
sub-fields having different brightness. A first sub-field is 
formed of digital video signal of most significant bit (MSB), 
which has highest brightness among those digital signals of 
eight bits. Each of second through seventh sub-fields has the 
differentially lower brightness than the first sub-field. An 
eighth sub-field is made of the digital signal of least sig- 
nificant bits (LSB). 

A method of operating these sub-fields is to display eight 
sub-fields having the digital signals of eight bits from first 
USB to last USB. In other words, those eight sub-fields are 
formed by scanning the first sub-field for the discharging 
time T, and another second through eight sub-fields for T/2, 
T/4, T/8, T/16, T/32, T/64 and T/128. In this way, a complete 
video field is displayed by a persistence of vision with 
respect to light emitted from each of the sub-field. To form 
the sub-field, a predetermined period of time is needed to 
scan all of the horizontal electrodes. Each of the cells can 
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maintain discharging only during the predetermined period 
of time, that is, the average time exclusive of scanning time, 
the average time being allocated to each sub-field. The 
scanning time increases in proportion to the number of the 
5 horizontal electrodes. As one cannot maintain the discharg- 
ing during the scanning time, contrast and brightness of PDP 
may be decreased, so that the scanning time should be 
reduced. 

In addition, as the difference of discharging time between 
10 the upper bits and the lower bits in forming the sub -field and 
the sub-fields are formed sequentially, a flickering occurs 
due to the difference of discharging time. To reduce the 
flickering, it is needed to arrange the sub-field of upper bit 
requiring the long discharging time and the other sub-field of 
15 lower bit requiring the short discharging time in the appro- 
priate order. 

In the sub-field operating method, a gradual gray scale 
required for displaying image realizes the length of time in 
which each cell is discharged and maintained differently 

20 within the predetermined period of time (Vio sec. in case of 
NTSC TV) given to display total image. Here, the brightness 
of the field is determined by the gray scale when each cell 
is operated maximally. To increase this brightness, the 
operating circuit should be designed to maximally maintain 

25 the cell discharging time with the time given for structuring 
one field. The contrast, the difference in lone between dark 
area and bright area, can be controlled by the brightness 
determined. To increase the contrast, it is needed to darken 
the background and increase the brightness. Specifically, in 

30 case of flat display panel devices for high resolution 
television, as the gray scale should be 256 units, the reso- 
lution should be 1280x1024 and contrast should be more 
than 100:1 under the light of 200 Lux, 8 bits of R. G. B. data 
are respectively required for the video digital signals for 

35 displaying the gray scale of 256 units, and the discharging 
time of the cell should be maximally maintained to gain the 
required brightness and contrast. 

An conventional PDP operating method will be described 
below. 

40 

FIG, 1 is a sectional view of an surface discharged cell of 
AC PDP having the three electrodes typically used. 

A spacer 10 maintains first and second insulting layers 1 
and 2, and insulates the gap among cells. Row electrodes are 

45 made of a scan electrode 11 and a common electrode 12 and 
arranged on the first insulating layer 1 in parallel. 

The column electrode 4 is arranged on the second insu- 
lating substrate 2 to oppose to the row electrode, keeping a 
matrix shape. The first and second insulating layers 5 and 6 

50 respectively covers the row electrode and the column elec- 
trode 4, protecting the electrodes. As the electrodes are 
covered with the insulating layers, if a series voltage is 
applied between the electrodes to discharge, the discharging 
is erased instantly. In case of the PDP having the thus- 

55 structured electrodes, a parallel voltage whose polarity is 
continuously inverted should be applied between electrodes 
to maintain the discharging. 

A passivation layer 7 is deposited on the second insulating 
layer 5. The passivation layer 7 is typically made of thin film 

60 of MgO in order to protect the insulating layer 5, enlarge its 
lifetime, increase the efficiency of emitting second electrons 
and reduce the variation in the discharging characteristics 
caused by the contamination of oxide in refractory metals. 
A fluorescent layer 9 is deposited on the second insulating 

65 layer 2 including the spacer 10, and excited by ultraviolet 
rays generated due to the discharging, generating visible 
rays of R. G. B. colors. A discharge space 8 is the cell space 
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in which the discharging is performed. To increase the [Equat ion l] 

ultraviolet ray emitting efficiency, a mixture of Ar and Xe is Wasle x 100 x 100 75% 

filled in the space. Tmu> 

FIG. 2 shows an arrangement of the conventional AC PDP EFlCtENCY— — x 100^ x 100 25% 

electrodes. 5 W 8 

Each of the cells 13 is formed at the intersecting point 

where the column electrode intersects with the row elec- The a b ove equation 1 shows that the time which can be 

trode. The row electrode has scan electrode group S 3 usc d actually for discharging is below 25% in case of using 

through S m mainly used for scanning field, and common ^ ppp t0 which the sub-field operating method is applied, and 

electrode group C y through C m mainly uscd for maintaining it means that lhis plays a ma i n f actor 0 f decreasing bright- 

thc discharging. The group of the row electrode is made of ness ^ the pDR 

the address electrodes D, through D„ used for data input. ^ operational waV eform and scan method are respec- 

A sealing region 14 is used for maintaining vacuum state tively s h own in FIGS. 5 and 6. 

of the entire PDP, and formed by inserting the spacer 10 15 In ^ waveforms of p IG . 5, the first sub-field is divided 

between the first and second insulating layers 1 and 2 and ^ ft regct period> an address period, and a sustain period, 

sealing the edge of the PDP with adhesives. completely separating addressing from sustaining. First, 

An operation waveform with respect to each electrode and within the reset period, at point (a), the section of the scan 

its sub-field scanning method are classified into two method. electrode from S 2 to S m has the value of 0(V) and a light 

Firstly, their operation waveforms are shown in FIG. 3. A 2 o pulse is input to the common electrodes S a to S m , so that an 

sustain pulse is applied to the common electrodes C 3 to C m initial discharging starts between all common electrodes and 

to maintain the discharging of the cell 13. The scan elec- scan e i ec trodes. 

trodes S a to S m receive another sustain pulse whose shape is Thereafter, at point (b), a sustain pulse is input to each of 

the same as the pulse of the common electrodes C x to C m but ^ gcan e i ectr odes and therefore the sustain discharging is 

its position of the time difference is different. If one of the 2 5 generated. At point (c), the total erase pulse is input to the 

cells S A and D x should be discharged, a positive data pulse common electrodes, erasing the discharging of all cells. The 

is input to the address electrode D 1 and the scan pulse is nex( address period starts with point (d) and ends right 

synchronized with the data pulse and thus input to the scan befofe me poim ^ Here> al the point ^ tne positive (+) 

electrode S lf the voltage level between the electrodes S a and vo i tage 0 f the same value is applied to each of the scan and 
Dj is increased higher than the threshold level and dis- 

30 common electrodes in order to prepare for the addressing 

charged. starting from point (e). At the point (e), the data pulse of the 

This state is maintained until the next erase pulse is input address electrode is synchronized with the scan pulse of the 

thereto by the electronic field generated with the discharged scan electrode and input. If the positive data pulses are input 

particles in the insulating layer and the electronic field to the cells belonging to the row electrodes to which the scan 
generated by the sustain pulse of the scan and common 35 pu j se j s i npu t 9 the wall electrons are formed due to 

electrodes and C,. If an erase pulse having lower ampli- discharging, generating the sustain discharging in the fol- 

tude than the scan pulse is applied thereto, the sum of the lowing sustain period. If the data pulse of 0(V) is input, the 

electronic field of discharged particles and another elec- sustain discharging cannot be generated in the sustain 

tronic field of the erase pulse is too small to continuously period. The scan pulses are sequentially input to all row 
maintain the discharging, so that the discharging is erased 40 e i ectrod es in the order of S Jf S 2 , S 3 to S m . 

when the next sustain pulse is applied thereto. At iast> tne sus tain period starts with the point (f). The 

In brief, the scan eiectrodes perform the sustain function method of inputting pulses to the scan and common elee- 

and scanning function but the common electrodes only trodes is the same as the sustain pulse inputting method of 

perform the sustain function. The address electrodes input FIG. 3. 

data for structuring field. 45 FIG. 6 shows the conventional sub-field scan method for 

Each pulse through the scan electrodes S A to S m performs realizing gray scale of 256 units on basis of the operational 

the sequential scanning operation to Sn for 2 to 3 /«. In waveforms of FIG. 5. 

synchronization with the scanning operation, if data pulses a field of PDP is made of eight sub-fields, SF1 to SF8. 
as many as the number of the lines in the scan electrodes are 5Q E acn 0 f sub-fields is made of reset, address and sustain 

applied through the address electrodes Dj to D„, each cell of periods as of FIG. 5. The reset period is positioned al the 

the PDP field momentously display the sub-field of the equal start po i nt 0 f all sub-fields and renders the initial state where 

brightness to the random digital image data. the addressing is available by erasing the discharging of all 

A method of displaying eight sub-fields corresponding to cells. The time allocated to the reset period is constant to all 
each of the 8 bits digital image data is described below. 55 sub-fields. 

FIG. 4 shows a scan method in the conventional sub-field The sustain period maintains continuously J 
operation method for realizing the gray scale of 256 units on ing of the cells where write discharging is generated m he 
operation mcinou lui * & J address period. If the sustain period of SF1 is set to T, the 
basis of the operation waveforms otblO. 3. Here, a neia is * f r through 
made of eighf sub-fields, and the time allocated to each of sustain periods ^^^J^^St 3 
the sub-fields is constant as T A . Accordingly, as a field is 60 SF8 are made to 2T 4T, 8T, 128T, thereby 
made of eight sub-fields, the required time T FIELD is 8T A . realizing them as the gray scale of 256 units. 
Here, within T A , times of T A /2, T A /4, T A /8, T A /16, TJ32, In the address period, to enable the cells, which should 
T /64 and TJ128 are only used for discharging sequentially maintain discharging during the sustain period, to wnte- 
from MSB to LSB. Therefore, within 8T A for structuring a discharge, the PDP is scanned sequentially from the highest 
field, the time T s for discharging is 2T A , and the time T NS not 65 line by one scan electrode of a row, and the time allocated 
allowed to discharge is 6T A . Waste and efficiency of the to each address period is constant with respect to all sub- 
wasted time T NS is as follows. fields. 
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But, the time allocated to the address period increases in (b) displaying sub-fields by applying address pulses of 

proportion to the increase in the number of the row elec- upper or lower bits and of another bits to the respective areas 

trodes to scan and the time allocated to the sustain period during the step (a). 

decreases. Therefore, its light emitting efficiency is Still another method of driving a plasma display panel of 

decreased and it is hard to realize the gray scale of 256 units 5 the invention, which is a sub-field driving method for the 

in the high resolution PDP. plasma display panel with scan and address drive signals 

Consequently, the conventional art displays eight sub- includes the steps of: 

fields corresponding to the digital image data of eight bits to , v - A - n fla , A intn t „ Tn nrane .. 

.. f, « , . « . « . & .. ■ ,i_ jj (a) dividing a held into two areas; 

realize one field. But, its discharging time in the address x J to 

period is 25% of the time for displaying one field, having ( b ) a PP lvin g sustain P ulses havitl S different time intervals 

low efficiency, the brightness off PDP is drastically to each of the divided areas; 

decreased. Specifically, the conventional art has the problem (c) applying one or more scan pulses between the sustain 

in realizing the gray scale of 256 units in the PDP having pulses without a time overlap; 

high resolution above 640x480 which can be made by (d) applying different address pulses by the corresponding 

keeping the scanning time maximally. ^ pulse& whik me ^ pulses are applied; and 

SUMMARY OF THE INVENTION ( e ) repeating the preceding steps to display one sub-field 

Accordingly, the present invention is directed to a method by the applied address pulses, thus displaying the 

of driving plasma display panel that substantially obviates sub-field more than once. 

one or more of the problems due to limitations and disad- It is to be understood that both the foregoing general 

vantages of the related art. 20 description and the following detailed description are exem- 

An object of the present invention is to provide a method plary and explanatory and are intended to provide further 

of driving high resolution AC PDP with high efficiency by explanation of the invention as claimed, 
using the following methods of: gathering sub-fields having 

lower bits and making them a group; dividing a field in a BRIEF DESCRIPTION OF THE ATTACHED 

direction of row electrode; arranging the groups not to 25 DRAWINGS 

intersect on each field divided for the total one frame period; accompanying drawings, which are included to pro- 

and maximally having the scan time by simultaneously v i de a further understanding of the invention and are incor- 

inputting a scan pulse and sustain pulse to the electrodes of por ated in and constitute a part of this specification, illustrate 

the different rows. embodiments of the invention and together with the descrip- 

Additional features and advantages of the invention will 30 tion serve to explain the principles of the invention, 
be set forth in the description which follows, and in part will j Q drawings- 
be apparent from the description, or may be learned by . . . . c . A ~ nrsn „ , 

y ,. . . .. rr . r . ' . 4 . j FIG. lis a sectional view of a general AC PDP cell having 

practice of the invention. The objectives and other advan- , i t H ■ 

tages of the invention will be realized and attained by the ree e 60 ro es ' 

structure particularly pointed out in the written description 35 FIG. 2 shows the entire layout of a PDP having conven- 

and claims hereof as well as the appended drawings. tional AC PDP electrodes; 

To achieve these and other advantages and in accordance FIG. 3 shows waveforms of FIG. 2; 

with the purpose of the present invention, as embodied and FIG. 4 is an exemplified diagram according to a sub-field 

broadly described, a method of driving a plasma display scanning method using the driving waveforms; 

panel, which is a method of sub-field driving the plasma 40 FIG. 5 shows the driving waveforms of FIG. 3; 

display panel with scan and addressing drive signals FJG 6 is an exemplified view according to a sub-field 

includes the steps of: scanning method by way of the driving waveforms of FIG. 

dividing a scan line in a field into at least two areas and 5. 

scanning the areas; FIG. 7 shows an arrangement of AC PDP electrodes of the 
applying different address pulses to each area during the invention- 
step of scanning, and displaying sub-fields; and piG ^ waveforms of pjQ 7; 
repeatedly P^ormmg the preceding steps corresponding piGS 9Aand 9fi afe m& 6 views partially showing 
to the sub-field driving, and displaying the image field. . a . ..5 u v j l *u a£ 
. t , c j • * i j- 1 1 the sub-field scanning method can be applied when the AC 
Another method of driving a plasma display panel of the CM nrAr> ^ tJ . A r . KT . _ . 

u- t. • 1 j i »i_ 1 50 PDP field is divided into N areas in a direction of a column 

invention, which is a sub-field driving method for the plasma . . , . . 

1 1 ... . j j • j • • 1 electrode according to the invention; 

display panel with scan and addressing drive signals b 

includes the steps of* " " FIG - 9A shows a general scanning method occurring in 

(a) dividing a field into two areas, and alternately scan- the poinl of time T 0n lhe time axis; 

ning the areas in order not to have a time overlap; « FIG - 9B shows a case wnere onl y addressing block is in 

(b) displaying sub-fields by applying different address the P oint or time T on the ^ axis; 

pulses to each divided area during the scanning; and FIG - 10 shows the drivin g waveforms of the time when N 

(c) sequentially displaying another sub-fields formed with scan P ulses (N- 1 ) are ^ ™ one sustain c y cle b X correct " 
a combination of address pulses different from those of 1D S the wavefol ™ s of FIG. 3; 

the sub-fields according to driving the sub-fields. 6 o FIG - 11 shows the drivin S waveforms of the time when N 

Further another method of driving a plasma display panel scan pulses (N*l) are input in one sustain cycle by correct- 

of the invention, which is a sub-field driving method for the in S the waveforms of FIG. 8; 

plasma display panel with scan and addressing drive signals FIG. 12 is a timing view showing a scan concentrated 

includes the steps of: period when sub-fields of lower bits form the PDP field of 

(a) dividing the scan lines of a field into a plurality of 65 lh e invention; 

areas, and applying scan and sustain pulses without a (a) scan concentrated period made of l(LSB), 2, 3, 4 and 

time overlap; and 5 sub-fields; 
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(b) scan concentrated period made of 5, 4, 3, 2 and l(LSB) 
sub -fie Ids; 

(c) scan concentrated period made of 5, 4, 3 and 2 
sub-fields; 

(d) scan concentrated period made of 2, 3, 4 and 5 
sub-fields; 

(e) scan concentrated period made of l(LSB), 2, 3 and 4 
sub-fields; and 

(f) scan concentrated period made of 4, 3, 2 and l(LSB) 
sub-fields; 

FIG. 13 shows a sub-field scanning method in which the 
field is halved by the distributed arrangement of scan 
concentrated periods and the number of the scan pulses in 
the address cycle is set to two according to one embodiment 
of the invention; 

FIG. 14 shows a sub-field scanning method where the 
field is quartered and the number of the scan pulses in the 
address cycle is set to two according to another embodiment 
of the invention; 

FIG. 15 shows the other sub-field scanning method 
obtained in the same condition as FIG. 14; 

FIG. 16 shows the sub-field scanning method showing the 
result when the field of FIG. 14 overlaps twice; 

FIG. 17 shows the sub-field scanning method showing the 
result when the field of FIG. 14 overlaps thrice; 

FIG. 18 shows basic driving waveforms for discharging 
high resolution AC PDP of the invention; 

FIG. 19 shows waveforms made by adding stability pulse 
to data electrode of the waveforms of FIG. 18; 

FIG. 20 shows a sub-field scanning method using the 
distributed arrangement of scan concentrated periods, by 
way of the waveforms of FIGS. 18 and 19; 

FIG. 21 shows a data inputting method when there are two 
addressing blocks in a basic block of FIG. 20; 

FIG. 22 shows a data inputting method when there is one 
addressing block in the basic block of FIG. 20; and 

FIG. 23 shows a data inputting method when there is no 
addressing block in the basic block of FIG. 20. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings. 

In comparison to the electrode arrangement of the con- 
ventional tri-clectrodc area-discharging AC PDP of FIG. 2, 
in FIG. 7 of the invention, the row electrodes to which only 
the sustain pulse is applied is replaced with the scan elec- 
trodes which can receive the scan pulse and the erase pulse 
as well as the sustain pulse. 

With the operational waveforms of FIG. 8 under the 
electrode arrangement, the scan pulse applied to the first 
scan electrodes S tying on the left side of FIG. 7 and the 
second scan electrodes S' lying on the right side of FIG. 7 are 
positioned next to each of the sustain pulses not to overlap 
with each other, the two rows are processed in one cycle of 
the sustain pulse. 

For example, as shown in FIG. 8, the field is divided into 
two areas, the upper areas S lf S 2 through S m/2 and the lower 
areas S\ mn)+1 , S' (m/2)+2 through S' m . Data of the upper area 
arc firstly addressed by S a scanning and data of the lower 
area are secondly addressed by S'^ /2)+3 scanning. 
Thereafter, the scanning returns to the second scan line S 2 of 



8,693 Bl 

8 

the upper area, and then the second scan line S' (m/2)+2 of the 
lower area, so that the data addressing is interlaced between 
the upper and lower areas to display a sub-field. Here, the 
data addressed to the upper and lower area are different from 

5 each other. If one bit digital image data are addressed to the 
upper area, other data excluding the one bit digital image 
data are addressed to the lower area. 

After this data addressing is done as above, digital image 
data having a brightness corresponding to each of bits are 

10 composed, thereby displaying more higher gray scale. 
Therefore, in case of the large field, the gray scale of 256 
units with high resolution can be completely realized 
through the invention. 

Furthermore, from the idea of displaying by dividing the 
field into two areas, in another embodiment of the invention, 
the field can be divided into N areas, and the different digital 
image data of eight bits are composed and addressed to the 
divided areas. For example, as shown in FIG. 9, a field of 
PDP is divided into N areas(N*l, natural number) in a 
direction of the row electrode, namely, scan line. r rhe 

20 sub-field scan method of FIG. 4 is applied to each of the 
divided sub-fields. In case of randomly changing the bit 
order of the sub-field, the part marked with deviant lines 
denotes the state of maintaining the discharging, and the rest 
part denotes the state where the discharging stops. The scan 

25 flow chart with respect to the random sub-field is denoted as 
a parallelogram. The left sloping side is for the address 
block, the right sloping side is for the erase block, and the 
part between the address block and the erase block is named 
sustain section. 

A roll of each block is to sequentially input the scan pulse 
by one row from the first row electrodes and determine the 
cells where the discharging should be maintained and 
another cells where the discharging should not be generated 
in the sustain section. In the sustain section, if the address 
block is determined, the state of the cell is continuously 
maintained. In the erase block, the erase pulse is input by 
one row sequentially from the highest row electrode so that 
the discharging in the corresponding cells is erased. 

40 FIG. 9 A shows the general scan flow chart. On the basis 
of the time point T of the time axis, there is the address block 
in the first row electrode. The sustain section is only in the 
second row. The addressing block is in the third block. 
Continuously, the erasing block is in the (n-3)th block, 

45 erasing block is in the (n-2)th block, no block is in the 
(n-l)th block, and the address block is in the nth block. 
Here, the realized sub-field is in the state where the different 
digital image data are mixed in each of scan lines. 
But, in the time point T of FIG. 9B, all row electrode 

50 blocks include the address block only. Accordingly, in the 
random time point T, all sustain, address(or scan) and erase 
pulses are required therefor. 

Therefore, in FIG. 9A, the addressing section required for 
the actual driving is distributed because the address, erase 

55 and sustain blocks are in the time point T of the time axis. 
In FIG. 9B, as there is only addressing block in the same 
time point, the driving should be done concentrically, so that 
the former is more flexible than the latter, the former having 
an enhancement in brightness also. 

60 FIGS. 10 and 11 show the representative waveforms for 
realizing the sub-field scan method in the sub- field divided 
into a plurality of areas. The portion in the driving wave- 
forms of FIGS. 3 and 8, to which the scan pulse is input is 
enlarged in FIGS. 10 and 11 to thereby driving more than 

65 one scan electrode in one sustain cycle. 

The number of the scan pulse in one sustain cycle is set 
to the maximal number of the addressing block allowed to 
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be the same point on the time axis in the timing chart of the Each scan concentrated period as scanned in the pattern of 

sub-field scan method. For example, if the number of the (a) in FIG. 12 is positioned at the starting point of 1 frame 

addressing block in one sustain cycle is N, the number of the in the upper area of the field and in the middle of 1 frame in 

scan pulse in one sustain cycle is also set to N. Iliereafter, tDe lower arca . The rest of sub-fields which are not within 

the number of the scan pulse in one sustain cycle is set as the 5 toe scan concentrated periods are arranged to have the 

number of the scan pulse in the address cycle. number of scan pulses in an address cyde less lhan 2 ^ 

Referring to FIG. 11, a field is divided into two parts, upper area 0 f tne field has sub-fields 6, 7 and 8 sequentially 

upper and lower areas. To re aloe one sub-field, the scan arranged on the right side hand of the scan concentrated 

electrodes S,, S 2 , . . . S of the upper area and those period> while the lower area has sub _ field g on the left side 

S K2)+J , S ; Cm/2J+2 , , S m of the lower area are alternately hand f , he scan riod and sub . fieIds 6 and 7 

driven within a sustain period. . . , . , v 

— . . , t . on the nght side hand. 

Thus different digital image data are concurrently . , . e . _ t , a . , , 

addressed during the alternate scanning, which results in a shown in nG ' 13 > after sub " field 8 111 the lower area 

high resolution. °f the ^ eld K initially scanned and addressed in a basic 

One field is realized when eight sub-fields are all sequen- c block ' lhe scan conce ntrated period starts from sub-field 1 to 

tially displayed. ^ ' 35 s ^-field 5 in the upper area. 

As shown in FIG. 12, for example, a scan concentrated ^ e lower end of sub-field 8 in the lower area is needed 

period is the time that the sub-fields of lower bits 1 (LSB), to be combined with the upper end of sub-field 1 in the upper 

2, 3, 4 and 5 are scanned in succession. The scan concen- area in order to form one sub-field, 

trated period is composed of a set of all five sub-fields Eight sub-fields may be displayed by addressing the 

having lower bits 1 (LSB), 2, 3, 4 and 5, or a set of four image dat a in the upper and lower areas differently, 

elements out of the sub-fields. The respective sub-fields are c G . . . t . , , 

successively scanned with two or less scan pulses in an tU F f / he field dmded m 0 twoareas as described above, 

address cycle frame time, the total sustain time, and the efficiency 

Referring to FIG. 12, five sub-fields are successively Can be Calculaled aS foUoWS - 

scanned in order of lower bits 1, 2 3, 4 and 5 in the scan 25 % frame Ume _ 43 Wotal sustain ^16+8,4,2,1+0.5,0.25, 

concentrated period of (a), and in order of lower bits 5, 4, 3, 0.i25)r feaj/c -3i.3757^ JIC 
2 and 1 in the scan concentrated period of (b). Four of the 

five sub-fields having lower bits 1, 2, 3, 4 and 5 are scanned Efficiency-31.875xl00/43*74.l3% 

in succession in each scan concentrated period of (c),(d),(e) , . ~~ . 

and ^ 30 This calculation shows an enhancement in the efficiency 

The time that a scanning is frequently achieved is termed compared with prior art. 

scan concentrated period, in which the lower bits are con- FIG ' 14 lllustrates an application of the distributed 

centrated. arrangement of scan concentrated periods, where a field is 

A first'preferred embodiment of a driving method for a divided inl ° four areas < the number of divided areas N is 4 ) 

high resolution AC PDF with high efficiency relates to the 35 and the number of scan pulses in an address cycle M is 2. 

distributed arrangement of scan concentrated periods', by ^ In toe case that a neld is divided into two areas, 

which after a field is divided into N (a natural number larger scanning and addressing are controlled so that each scan 

than 1) areas, as shown in FIG. 9, the scan concentrated concentrated period having the sub-fields 1, 2, 3, 4 and 5, in 

periods in FIG. 12 are arranged without an overlap on the order not to be overlapped, lies on the left side in the middle 

time axis in the respective divided areas. 4Q of 1 frame in block 1, at the end of 1 frame in block 2, at the 

A field is first divided into N (a natural number larger than starting point of 1 frame in block 3, and on the right side in 

1) areas and the number of scan pulses in an address cycle the middle of 1 frame in block 4. 

is designated as M (a natural number, 2iMiN+l). The rest of sub-fields which are not within the scan 

The minimum number of scan pulses in an address cycle concentrated periods are arranged to have the number of 

is 2, which is the maximum number of scan pulses in the 45 scan pulses in an address cycle less than 2. 

scan concentrated period at a point of time. The maximum Block 1 has sub-fields 6 and 7 sequentially arranged on 

number of scan pulses in an address cycle occurs when the the left side hand of the scan concentrated period, and 

scan concentrated period exists in a row electrode block at sub-field 8 on the right side hand. 

a point of time and each of the other row electrode blocks Block 2 has sub-fields 8, 6 and 7 sequentially arranged on 

has one addressing block. It can be expressed by 2 (the 50 the left side hand of the scan concentrated period, 

number of scan pulses within an address cycle of the scan Block 3 has sub-field 6 on the left side hand of the scan 

concentrated period)+{N-l} (the number of row electrode concentrated period, and sub-fields 7 and 8 sequentially on 

blocks exclusive of the row electrode block having the scan the right side hand. 

concentrated period), that is, N+l. Block 4 has sequential sub-fields 8 and 6 on the left side 

After the scan concentrated periods are arranged so as not 55 nancl °f the sca n concentrated period, and sub-field 7 on the 

to be overlapped at a time in each row electrode block, the rigtrt side hand. 

rest of the sub-fields are arranged to satisfy the number of For lne fie t d divided into four areas, as described above, 

scan pulses in an address cycle. the 1 frame time, the total sustain time, and the efficiency 

FIG. 13 illustrates an application of the distributed can be calculated as below, 

arrangement of scan concentrated periods, where a field is 60 
divided into two areas (the number of divided areas N is 2) 

and the number of scan pulses in an address cycle M, that is, ibtal sustain time«(i6+«+4+2+i+o.5-K0.25+o.i25)r fca ,, c - 

the number of addressing blocks is 2. 3i.875r 6 „ ic 

A half of an addressing block which corresponds to the Efficiency^. 875x3 00/38-8X88% 

block of a field is defined as "basic block", and the time 65 

required for addressing the basic block is designated as This calculation shows that the efficiency is much 

T basic . enhanced relative to the field divided into two areas. 



1 frame time-387^,,. 
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FIG. 15 illustrates another application of the distributed 
arrangement of scan concentrated periods, where a field is 
divided into four areas (the number of divided areas N is 4) 
and the number of scan pulses in an address cycle M is 2. 

As in the case that a field is divided into four areas, the 
scan concentrated periods in row electrode blocks 1 and 2 
have sub-fields 5, 4, 3, 2 and 1 sequentially arranged, with 
those in row electrode blocks 3 and 4 having sequential 
sub-tields 5, 4, 3, 2 and 1. Each of the scan concentrated 
periods, so as not to be overlapped, lies at the end of 1 frame 
in row electrode block 1, on the left side in the middle of 1 
frame in row electrode block 2, on the right side in the 
middle of 1 frame in row electrode block 3, and at the 
starting point of 1 frame in row electrode block 4. 

The rest of sub-fields which are not within the scan 
concentrated periods are arranged to have the number of 
scan pulses in an address cycle less than 2. 

Block 1 has sub -fields 8, 7 and 6 sequentially arranged on 
the left side hand of the scan concentrated period. 

Block 2 has sequential sub -fields 7 and 6 on the left side 
hand of the scan concentrated period, and sub-field 8 on the 
right side hand. 

Block 3 has sub-field 8 on the left side hand of the scan 
concentrated period, and sub-fields 6, 7 and 1 sequentially 
arranged on the right side hand. 

Finally, block 4 has sequential sub-fields 6, 8, 7 and 1 on 
the right side hand of the scan concentrated period. 

For the field divided into four areas, as described above, 
the 1 frame time, the total sustain time, and the efficiency 
can be calculated as below. 

1 frame time-4ir 6ajJC 

Total sustain tinie=(16+8+4+2+l+0.5+0.25+0.125)r fcalic = 
35.875r toic 

Effkiency«3 J. 875x100/4 1=77. 74% 

After all process for the distributed arrangement of scan 
concentrated periods is completed, a sub-field scanning 
timing diagram can be arranged successively P (a natural 
number larger than 1) times from upper to lower areas and 
a field is divided into NxP areas. Thus, the number of 
column electrodes per block is reduced by 1/P times and that 
of scan concentrated periods is increased to NxP, with 
increasing the number of scan pulses within an address cycle 
by P times. 

FIG. 16 illustrates an embodiment of the field divided into 
8 areas, where the diagram of FIG. 14 is arranged two times, 
that is, P«2. 

As the field is divided into 8 (=2N) areas, the number of 
column electrodes per block is reduced by 2 times and that 
of scan concentrated periods is incremented to 8 (=2N), with 
increasing the number of scan pulses within an address cycle 
to 4 (=2x2). 

FIG. 17 illustrates an embodiment of the field divided into 
12 areas, where the diagram of FIG. 14 is arranged three 
times, that is, P=3. 

As the field is divided into 12 (=3N) areas, the number of 
column electrodes per block is reduced by 3 times and that 
of scan concentrated periods is increased to 12 (=3N), with 
increasing the number of scan pulses in an address cycle to 
6 (=3x2). 

A driving method for a high resolution AC PDP, by which 
scanning and sustain pulses are fed into different column 
electrodes at the same time in order to secure the time 
required for a scanning to the maximum, is described below. 

It is supposed that in the three electrode surface dis- 
charged AC PDP structure as illustrated in FIG. 1, a positive 
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(+) sustain pulse is previously applied to the common 
electrode and thus the positive (+) wall charges are formed 
in the scan electrode with the negative (-) wall charges 
formed in the common electrode. 

5 When the data electrode has the positive (+) voltage 
which is half the sustain voltage and the sustain voltage is 
applied to the scan electrode, a discharge occurs between the 
scan and common electrodes and the voltage of the data 
electrode has no critical effect on the sustain discharge. 
The sustain discharge is not affected critically even when 

10 the voltage of the data electrode is zero while the sustain 
discharge is maintained. 

On the contrary, even when there is no sustain discharge 
caused by the sustain pulses applied to the scan and common 
electrodes, the data electrode with a voltage between zero 

15 and half the sustain voltage does not have a critical effect on 
the sustain discharge. 

Based on the above fact, while the data pulses with a 
voltage half the sustain voltage are successively applied to 
the data electrode, the PDP is divided into rows needed to be 

20 scanned in a given time and otherwise rows so that the scan 
pulses are applied in succession to the rows to be scanned 
and the sustain pulses are to the rows not to be scanned, in 
synchronization with the data pulses. 
This method extends the time available to input data to the 

25 total 1 frame time, and by this way around 1700 row 
electrodes can be driven supposed that the 1 frame time is 
Vfco (sec), the data pulse 1.2 ys, and the gray level 256. 

Hereinafter, the method of applying data and sustain 
pulses as described above will be referred to as addressing 

30 sustain concurrent driving method. 

FIG. 18 illustrates an example of the addressing sustain 
concurrent driving method in accordance with the present 
invention. 

Referring to FIG. 18, row electrodes are largely divided 
35 into two groups; selected row electrodes are row electrodes 
needed to be scanned within a basic block time and dese- 
lected row electrodes are ones that require a sustain instead 
of scanning. 

The pulses applied to the respective electrodes are 
40 described below. 

While the discharge of all cells belonging to the currently 
selected row electrodes is previously erased, a block write 
pulse causes a write discharge in all cells of the selected row 
electrodes. 

45 Two sustain pulses stabilize the distribution of wall 
charges, and the scan pulses synchronized with the data 
pulses are fed into the scan electrodes, followed by a zero 
voltage applied to the row electrodes. 

Each of the scan pulses is sequentially applied to all 
so selected scan electrodes. 

As shown in FIG. 18, the selected row electrodes are 
divided into blocks 1 and 2 so that scan pulses are applied 
alternately to the scan electrodes in blocks 1 and 2. This 
means, the number of scan pulses in an address cycle is 
55 designated as 2. 

The scan and data pulses erase the discharge of cells 
having logic "1" data applied thereto, maintaining the wall 
charges of the cell with logic "0" data applied thereto. 
While the selected row and data electrodes are addressed 
60 as described above, the deselected row electrodes receive 
sustain pulses to maintain the previous slate. 

Some cells belonging to the deselected row electrodes 
require erase pulses to realize a brightness, that is, block 
erase pulses which interrupt the inputs of data and scanning 
65 pulses. 

As shown in FIG. 19, the driving waveforms of FIG. 11 
are revised in order to achieve a stability. 
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Positive (+) stabilizing pulses applied to the data elec- 
trodes the time that a sustain discharge occurs in the dese- 
lected row electrodes prevent the fluorescent bodies from 
being destroyed due to a sputtering caused by ions. 

When a stabilizing pulse is applied, the selected scan 
electrodes receive no scan pulses. Each pulse width in the 
waveform diagrams of FIGS. 18-19 can be regulated. 

FIG. 20 illustrates a scanning achieved by means of the 
driving waveforms in FIGS. 18-19. 

Referring to FIG. 20, the number of row electrodes in a 
PDP is m. A field is divided into 8 parts in the direction of 
column electrodes; four upper blocks are designated as 
scanning block 1 (1 to m/2) with four lower blocks desig- 
nated as scanning block 2 (m/2+1 to m). 

The total 1 frame time is divided into 45 equivalent parts 
each of which is termed basic block, and the portion 
indicating m/8 row electrodes to be scanned in the basic 
block, that is, the hatched part of FIG. 13 is referred to as 
addressing block. 

Since the number of scan pulses in an address cycle is 
determined as 2 in the driving waveforms of FIGS. 18-19, 
the number of scan pulses in an address cycle according to 
the scanning method in FIG. 20 is also designated as 2. 

When there are at most two addressing blocks in a basic 
block, each of the addressing blocks lies in scanning blocks 
1 and 2. With only one addressing block, it may be in either 1S 
of the scanning blocks 1 and 2. As for basic block 2, there 
are totally two addressing blocks each of which lies in the 
second blocks of the scanning blocks 1 and 2. 

In the scanning method, one row electrode is selected 
alternately from the addressing block 1 in the scanning block 
1 and the addressing block 2 in the scanning block 2, as 
shown in FIG. 21. 

In scanning basic block 11 in which one addressing block 
lies in the first block of the scanning block 2, the scanning 
block 1 has no addressing block so that a scanning pulse may 
be applied during a time for addressing block 2 instead of 
addressing block 1, as shown in FIG. 22. 

Finally, in scanning basic block 42 where no addressing 
block is either of scanning blocks 1 and 2, as shown in FIG. 
23, there is no scan pulse applied. 

The sub-field arrangement in each row electrode block 
uses the distributed arrangement of scan concentrated peri- 
ods. In FIG. 20, as the number of scan pulses in an address 
cycle of the scan concentrated period is not 2 but 1, the scan 
concentrated periods consisting of lower bits can be over- 
lapped among them as long as the number of scan pulses in 45 
an address cycle of the total timing diagram is 2. 

The scan concentrated period in row electrode block 1 
comprising the first and second blocks of scanning block 1 
is located in the middle of 1 frame, that in row electrode 
block 2 comprising the third and fourth blocks of scanning 50 
block 1 is at the end of 1 frame, and that in row electrode 
block 3 comprising the first and second blocks of scanning 
block 2 is at the starting point of 1 frame. 

The scan concentrated period in row electrode block 4 
comprising the third and fourth blocks of scanning block 2 
lies in the middle of 1 frame, so that the starting point of the 
scan concentrated period in row electrode block 2 is over- 
lapped with the end of the scan concentrated period in row 
electrode block 4. 

The end part of the scan concentrated period in row 
electrode block 3 is overlapped with the starting part of the 
scan concentrated period in row electrode block 1, the fore 
part of the scan concentrated period in row electrode block 
4 being overlapped with the rear part of the scan concen- 



Row electrode block 1 has sub-fields 6 and 7 sequentially 
arranged on the left side hand of the scan concentrated 
period, and sub-field 8 on the right side hand. 

Row electrode block 2 has sequential sub-fields 7 and 8 on 
the left side hand of the scan concentrated period, and 
sub-field 6 on the right side hand. 

Row electrode block 3 has sub-field 6 on the left side hand 
of the scan concentrated period, and sub -fields 8 and 7 
sequentially arranged on the right side hand. 

Finally, row electrode block 4 has sub- fie Id 8 on the left 
side hand of the scan concentrated period, and sub -fields 7 
and 6 sequentially on the right side hand. 

This method secures the time required for scanning one 
frame so that utmost 1700 row electrodes can be driven. 

As described above, the present invention provides an 
effective method of driving a high resolution AC PDP by 
using a distributed arrangement of scan concentrated periods 
and an addressing sustain concurrent driving method to 
secure the scanning time to the maximum by applying 
scanning and sustain pulses to different row electrodes at the 
same time. 

Compared with prior art sub-field driving method, the 
present driving method for a high resolution AC PDP makes 
it possible to drive 1700 row electrodes in the maximum by 
securing the time required for scanning one frame. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the method of 
driving PDP of the present invention without departing from 
the spirit or scope of the invention. Thus, it is intended that 
the present invention cover the modifications and variations 
30 of this invention provided they come within the scope of the 
appended claims and their equivalents. 
What is claimed is: 

1. A method for driving a plasma display panel, compris- 
ing: 

dividing row electrodes into a first area to be scanned and 
a second area to be sustained in a given time period; 
simultaneously applying scan pulses and sustain pulses, 
wherein the scan pulses are applied successively to row 
electrodes of the first area row by row, and wherein the 
sustain pulses are applied to row electrodes of the 
second area; and 
applying address pulses to data electrode in synchroniza- 
tion with a scan pulse. 

2. The method as claimed in claim 1, wherein the scan 
pulse is applied to the row electrodes to be scanned regard- 
less of when the sustain pulse is applied. 

3. The method as claimed in claim 1, wherein the scan 
pulse and the data pulse are not applied to the row electrodes 
and data electrodes respectively when the sustain pulse has 
a rising edge. 

4. The method as claimed in claim 1, further comprising 
the step of: 

applying a stabilizing pulse to the data electrodes when 
the sustain pulse has a rising edge. 

5. The method as defined in claim 1, wherein a address 
pulses are data to construct the sub-field of 640 scan lines bit 
by bit corresponding to a predetermined luminance, out of 
digital image data of eight bits. 

6. The method as defined in claim 5, wherein subfields 
formed with a combination of digital image data of bits 
different from those of a previous subfield are sequentially 
scanned seven times. 

7. The method as defined in claim 1, wherein the first area 
is divided into at least two sub -blocks, and the scan pulses 
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trated period in row electrode block 1. The rest of sub-fields 
which are not in the scan concentrated periods are arranged 65 are alternately applied to the at least two sub -blocks, 
to have the number of scan pulses in an address cycle less 

than 2. * * 



